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INTRODUCTION 
This paper describes the development of a small, single-element transducer 
for use in a phased array. The array specification required one-wavelength radi-
ators spaced at three-wavelength intervals. Since the array will be operated at a 
frequency of 2 MHz in water, the elements had to have an effective aperture of 
0.030 inch and be spaced 0.090 inch center to center. Each transducer element 
also had to be replaceable on an individual basis and be electrically isolated and 
matched to the transmit/receive electronics. Fig. 1 shows the size scale of the 10-
by-IO array, and details about transducer development are given in the following 
discussion. 
ELEMENT DESIGN 
The initial element design was done using software based on the KLM model 
for a two-matching-network transducer. Because the model did not include any 
effects produced by the radial mode of the crystal, it was used only for evaluation 
of possible element configurations. As a result of several iterations of modeling 
and prototyping, the configuration shown in Fig. 2 was selected. In the figure, the 
waveform and spectrum of a 0.046-inch-diameter PZT5 crystal with an epoxy quar-
terwave matching layer and an absorptive backing layer are shown. The center 
frequency given by the model was 2.56 MHz, and the bandwidth was 54 percent. 
The model predicted a sensitivity for a pulse-echo signal to be -40.6 dB. 
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MATERIAL: URETllANE 
Fig. 1. Assembly drawing of ultrasonic array unit housing showing overall scale. 
The housing is designed to hold the coaxial elements in removable layers. 
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Fig_ 2. Results of KLM model calculations for a O.045-inch-diameter, 3.5-MHz 
PZT5 crystal (production prototype). A backing layer and an epoxy quarterwave 
matching layer are being employed. 
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During the modeling process, as parameters for candidate transducers were 
entered into the design software, the model calculated the component values for an 
electrical matching network. The network was required to transform the high 
impedance of the crystal assembly to the low 50-ohm impedance of the coaxial 
cable. The values given in Fig. 2 are for electrical components available in the 
proper small size needed for the design. With these components, the element 
impedance was predicted to be 115 ohms at 2.6 MHz. The schematic diagram of 
the network is shown in Fig. 3. 
ELEMENT CONSTRUCTION 
Due to the small element spacing and the requirement for individual replace-
ability, a decision was reached to make the elements coaxial. In order to do this, 
the crystal assembly and electrical network were assembled into two sizes of stain-
less-steel hypodermic tubing. In the smaller tubing, the crystal with its matching 
layers was built. This tube, in turn, fitted into the end of the larger tubing holding 
the electrical network. 
The electrical matching network consisted of a small ceramic substrate hold-
ing a surface-mount resistor and capacitor, both of which were in line with a coax-
ial inductor. These components, connected by gold wires, produced a very compact 
circuit layout that could fit into a tube with a small inside diameter, as illustrated in 
Fig. 4. 
To construct the element, the crystal assembly in the smaller tube was slipped 
into the network tube; the crystal-to-electrical connection was made through a gold-
wire bond (which was wire bonded to the network substrate); and then the two 
tubes were bonded with silver conductive epoxy. A silicon rubber jacketed coaxial 
cable was connected to the output side of the network and sealed with RTV to pre-
vent water leakage. The completed element is shown in cross section in Fig. 5. 
MEASUREMENT RESULTS 
Before the final assemblage of the crystal assembly to the network, a plot was 
made of the crystal assembly impedance and phase vs. frequency. The measure-
ment was made with an HP 4194-A impedance analyzer from 400 kHz to 5 MHz, 
and is shown in the upper portion of Fig. 6. The lower portion shows the results 
after the electrical matching network was added. Two interesting features can be 
noted. First, the crystal assembly has several modes other than the one used by the 
model, but their effect is not visible after the network is in place. Second, the 
impedance at 2.6 MHz is approximately 125 ohms vs. the 115 ohms predicted by 
the model. 
Fig. 7 shows the transmitted and received signals of the tiny element along 
with the predicted waveform from Fig. 2. Aside from the inversion of the predicted 
waveform (caused by the fact that a pulse/echo signal was assumed, while the 
actual waveforms were acquired as pitch/catch), the signals were very similar. The 
lengthening of the pulse tail in the actual data was probably due to reflections 
within the backing layer. 
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Fig. 3. Electrical matching network schematic. 
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Fig. 4. Coaxial view of electrical matching network (end view). The outer circle 
denotes the series inductor. The minimum tube inside diameter equals 0.066 inch. 
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Fig. 6. Impedance and phase vs. frequency for the crystal assembly (top) and a 
complete element (bottom). 
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Fig. 7. Transmitted and received signals of a tiny transducer (photos) vs. the pre-
dicted waveform from Fig. 2 (top). Note that the predicted waveform is inverted. 
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To measure the sensitivity of the element, a setup was used in which a plastic 
lens served to reflect all the pulse energy back to the element except for approx-
imately 5 dB. This dB loss was due to reflections at the lens-to-water interface. By 
using a broadband pulse and Fourier analysis, the sensitivity (given by the received 
voltage/transmitted voltage) was measured over the frequency range of interest. 
The results are plotted in Fig. 8. The peak sensitivity of -37 dB occurs at 1.6 MHz. 
Compensating for the interface losses, the peak sensitivity was -32 dB. The 12-dB-
down bandwidth at the peak frequency was only 20 percent vs. 54 percent according 
to the model. 
The angular beam spread was measured by recording the signal amplitude 
returned from a 0.25-inch ball target as it was scanned across the element's field of 
view. The amplitudes were then corrected for distance and plotted. The half-
amplitude width was 60 degrees. This compared well with the 70 degrees expected 
for a 0.030-inch aperture at 2 MHz. 
CONCLUSION 
A small ultrasonic transducer has been developed for use in a lO-by-lO 
phased array. Each element occupies a 0.083-inch-diameter by 0.8-inch-long space. 
During development, the KLM model was used to predict the element response. 
While measurements of impedance, sensitivity, and waveform have agreed very well 
with these predictions, the center frequency and bandwidth measurements are not 
in agreement. This is attributed to the effect of the radial modes not considered by 
the model. 
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Fig. 8. Sensitivity vs. frequency for the tiny transducer. Peak sensitivity occurs at 
1.6 MHz. The sensitivity scale does not include 5 dB lost due to the water-to-lens 
interface. 
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